Introduction
A variety of metals could enter industrial wastewaters as a result of anthropogenic activity. Due to corrosion and geological factors some metal ions in complex form being environmental contaminants could also be present in drinking waters and natural water bodies. By the biological cycle, some of them through the food chain pass into plants, animals and man, thus affecting them negatively. Copper is one of the important and essential nutrients for human health as well as the growth of animals and plants [1] [2] . Although copper is an essential micronutrient and is required by the body in very small amounts, excess copper in the human body can cause stomach and intestinal distress such as nausea, vomiting, diarrhea, and stomach cramps. People with Wilson's disease, a rare genetic disorder, are more sensitive to the effects of copper [1] [2] . Mercury and its compounds are also used in medicine. Merbromin (Mercurochrome) is a topical antiseptic used for minor cuts and scrapes is still in use in some countries. It is used as a preservative in laboratory reagents and related chemicals. Mercury is used in dental amalgam. Mercury is a heavy metal which is much toxic for human health. It causes many harmful diseases when absorbed by human body. Mercury can be inhaled and absorbed through the skin and mucous membranes. The chief sources of mercury pollution are chlor-alkali plants, paper, pulp, cellulose and plastic industries, electrical, paint, pharmaceutical industries, etc. Uses of mercury as fungicides, pesticides, etc., also add mercury to the environment. Compounds of mercury consumed in fish, cereals and other food stuffs have resulted in numerous poisoning [1] - [3] .
Therefore, trace and ultra-trace determination of copper [4] [5] and mercury [6] [7] is of great importance. Atomic absorption spectroscopy (AAS) and inductively coupled plasma-atomic emission spectroscopy (ICP-AES) have been the method of choice for the elemental analysis because of their utility, sensitivity and reliability. Cold vapor atomic fluorescence spectrometry [8] as well as catalytic or electro-analytical [9] procedure has been more often used for mercury determination. These methods can rapidly determine metals in trace amounts in many types of matrices. Although these techniques are reliable and sensitive, they suffer from the limitations of being rather costly (considering instrument acquisition and maintenance), time-consuming (with respect to sample preparation), and not always readily available. Contrary, in laboratories of developing countries like us the choice of any analytical methods depends on the availability of reagents, cost effectiveness of instruments and the time required for analysis as well as safety and ease of operation. UV-visible spectroscopy is a well-established analytical technique with mature methods and equipment. UV-visible spectrophotometry is more sensitive technique widely used in inorganic trace analysis. It is commonly used in both research and science as well as in industry.
A number of spectrophotometric reagents as chloro (phenyl) glyoxime [3] , 2,5-dimercapto-1,3,4-thiadiazole [10] , thiosemicarbazone [11] , 3-methoxy-4-hydroxy benzaldehyde-4-bromophenyl hydrazine [12] and so on are reported for copper determination. Mercury being a non-transition element, a sensitive colourful reagent is required for the spectrophotometric determination which is rare available. A few have been reported for the mercury determination like diacetylmonoxime isonicotinoylhydrazone [13] , diphenylthiocarbazone [14] . One of the most common reagents, diethyldithiocarbamate (DDTC) is used for spectrophotometric determination of transition elements Cu(II), Ni(II), Mn(II), Pb(II) and V(V) [15] [16] . Hg(II) gives white insoluble complex, Hg(DDTC) 2 which is more stable than the Cu(DDTC) 2 . Primarily, a spectrophotometric method was aimed to be optimized and validated for the estimation of copper. Mercury can be determined by a quantitative displacement Cu(II) with the addition of additional mercury followed by the extraction of remaining of Cu(DDTC) 2 in a carbon tetrachloride. The reduced absorbance is measured subsequently which is equivalent to mercury. Finally, the aim of this research is to develop a rapid spectrophotometric method for the determination of mercury and copper with DDTC which has not previously been used for their simultaneous determination.
Experimental

Chemicals and Reagents
High-purity carbontetrachloride, various acids, salts and reagent grade Na-DDTC (Merck) were used. The standard stock solutions (1000 μg•mL −1 ) were prepared by dissolving appropriate amount of each salt in water. Solutions of a large number of inorganic ions and complexing agents were prepared from their analytical grade or equivalent grade and water soluble salts. Doubly distilled deionized water, which is non-absorbent under ultraviolet radiation, was used throughout. Suitable portions of the solutions were mixed to get the desired pH. Stock solutions and environmental water samples (1000-mL each) were kept in polypropylene bottles containing 1-mL of concentrated HNO 3 . 4 ], was synthesized according to the procedure described in literature [17] and was analyzed for the metal analysis as certified substance.
Synthesis of
Instrumentation
A Shimadzu UV Visible UV-1800 spectrophotometer model with suitable settings equipped with 1-cm quartz cells was used for absorbance. The spectral band length was 1 nm, the wavelength accuracy was 0.5 nm with automatic wavelength correction and the recorder was a computer-controlled in the wavelength range 350 -600 nm. A Jenway (England, U.K) (Model-30100) pH meter were used for the measurements of pH. A Varian (Australia) AAS spectrophotometer was used for comparing the results.
Preparation of Standards
A 0.1% (5.84 × 10 −3 M) stock solution of Na-DDTC was prepared by dissolving 0.1 g sodium diethyldithiocarbamate reagent in approximately 80 ml water heated at 60˚C. Afterwards, the volume was made up to 100 ml by adding distilled water in volumetric flask and filtered. A stock solution (100 μg•mL ) was prepared by dissolving 7.055 g of A.C.S grade (99%) potassium sodium tartrate tetrahydrate or 3.0428 g of solid ammonium thiocyanate in deionized water. A 100 ml solution of dilute ammonium hydroxide was prepared by diluting 10 ml concentrated NH 4 OH (28% -30% A.C.S grade) to 100 ml with deionized water. A 100 ml stock solution of EDTA (4000 μg•mL −1 ) was prepared by dissolving 0.4 g of A.C.S grade (>90%) dehydrated disodium salt of ethylenediaminetetraacetic acid in 100 ml deionized water. Stock solutions were stored at 4˚C, protected from light and were used within three months.
Biological Sample Collection
Blood and urine samples were kindly provided from Chittagong Medical College Hospital, Chittagong. Both urine and whole blood samples were collected into EDTA-anticoagulated polypropylene tubes. Blood specimens were refrigerated then aliquoted within two hours into cryovials immediately frozen and shipped on dry ice. All blood samples were stored frozen at or lower than −20˚C until analyzed. Metal caps or metal-based containers, colored containers should be avoided.
General Procedure
To determine mercury and copper simultaneously, a mixture (1:1) 10 μg•mL −1 solution of (various volume) Hg(II) and Cu(II) was placed in a 25-mL separating flask along with 0.5 ml 0.05 M H 2 SO 4 , and 5 ml of the reagent 1000 μg•mL −1 DDTC solution. Its volume was made up 15 ml with deionized water. Its pH was adjusted to 5.0 using acetate buffer. The solid product, Hg(DDTC) 2 and yellow Cu(DDTC) 2 complexes so formed, was extracted carefully with the addition of 4 ml (2 × 2) CCl 4 , and organic phase was separated after vigorous stirring for 10 min. The solution was divided in two fractions. The absorbance of one fraction was measured by a spectrophotometer at 435 nm against a blank which is equivalent of copper content present. To another fraction known amount Hg(II) solution was added when pH value was adjusted to 10 using ammonium buffer. Copper from Cu(DDTC) 2 was replaced by mercury immediately forming equivalent amount Hg(DDTC) 2 complexes. Organic phase was further separated after vigorous stirring for 10 min. The absorbance was measured by a spectrophotometer at 435 nm against a blank. Reduced absorbance was equivalent to the mercury content present. Procedure has been followed for the analysis of food, biological and pharmaceutical samples.
Composition of the Complex
Job's method of continuous variation was applied to ascertain the stoichiometric composition of the complex according to the procedures described below [18] .
Effect of Diverse Ions
The effect of various anions and cations on the determination of Cu(II) and Hg(II) under optimal conditions was studied to find out the tolerance limits of these ions in the present method. The determination of Cu(II) and Hg(II) amount was carried out using the above described general procedure. The tolerance limit of a foreign ion is taken as the amount that caused an error in the absorbance value of ≤10%. , respectively. Therefore, UV-vis spectrophotometric measurements were carried out at a wavelength of 435 nm for subsequent studies. It's determination in the different matrices based on the direct measurement of its absorption for ultraviolet light is not susceptible to potential interferences from the matrix excipients.
Results and Discussion
Effect of Acid
Acid effect was primarily tested for HCl, HNO 3 , H 2 SO 4 while last one was supposed to be suitable for Cu(DDTC) 2 
Effect of Reagent Concentration
Study of the effect of DDTC concentration on its reaction with copper revealed that the reaction was dependent on the DDTC concentration as the absorbance increased with the increase in the reagent concentration. The absorbance of the complex solution at 435 nm is measured according to the standard procedure at different molar excesses (1:1 -1:40) of sodium diethyldithiocarbamate keeping Cu(II) concentration (1.0 µg•mL −1 ) constant at optimized acid concentration. Copper metal (optical path length 1 cm) and the reagent molar ratios of 1:10 to 1:40 produced a constant absorbance. A greater excess of the reagent was not studied. Therefore, a 15 fold molar excess of DDTC was optimized for constant color development and was used in all the subsequent experiments. Excess of the reagent has no effect on the absorbance of the complex.
Effect of Temperature and Time
The effect of temperature on the reaction was not studied due to the lake of instrumental facilities. Therefore, further experiments were carried out at room temperature (25˚C ± 2˚C). In order to determine the optimum time that is required for completion the reaction, it was allowed to proceed at room temperature for varying periods of time. The reaction goes to almost completion within 1 min. However, for higher precision of readings the reaction was allowed to proceed for quite longer time. Reactions in all the subsequent experiments were carried out for 10 min.
Stability of the Cu(II)-DDTC Complex
The effect of time on the stability of the Cu(II)-DDTC complex was studied by following the absorption intensity of the reaction solution (after dilution) at different time intervals. The absorbance of the complex remains stable for at least 72 h. This allowed the process of large batches of samples, and their comfortable measurements with convenience. This gives the high throughput property to the proposed method when applied for analysis of large number of samples in quality control/analytical laboratories.
Effect of the Aqueous Phase Volume
The volume of the aqueous phase is an important factor for the extraction of metal ions as Cu(II)-DDTC is sparingly soluble in aqueous phase. The effect of volume of the aqueous phase was also studied. The solutions containing 1 μg•mL −1 of Cu(II) were diluted in the volume range from 5 ml to 30 ml with deionized water. The recovery of Cu(II) from aqueous phase was plotted against the aqueous phase volume. The absorbance of Cu(II) from aqueous phase decreases when the aqueous phase volume increases. Rapid decrease in absorbance was occurred for aqueous volume beyond 15 ml. Hence, total aqueous volume was always confined to maximum volume 15 ml throughout all experiments for convenient of operation with confidence.
Optimum Extraction Period
The efficiency of Cu(DDTC) 2 extraction in organic phase depends on the extraction period. Optimum extraction period was determined according to the procedure described previously by extracting copper from the solutions containing 1 μg•mL −1 of Cu(II) for various periods of time. The amount of Cu(II) dissolved in CCl 4 was determined on the basis of measurement of the absorbance using a UV-vis spectrophotometer. After 10 min constant absorbance was obtained and it was constant up to studied period of 30 min. Hence, reaction mixture was extracted at least 10 min for getting maximum recovery.
Composition of the Complex
Under the optimum conditions (Table 1) , the stoichiometry of the reaction between Cu(II) and DDTC was investigated by Job's method [18] . Experimental data has been presented graphically in Figure 2 . The stoichiometry was found to be 1:2 (Copper:Ligand).
Effect of pH on the Extraction
The effect of pH on the color intensity is studied in the pH range 1 -10. Experimental results showed that as the pH increased the absorbance was increased rapidly. The optimum pH value for the reaction of Cu(II) and DDTC is attained at pH 4 and remains constant up to 8. At higher pH, sharp decrease in the readings occurred. The pH value should not be lower than 4 due to the fast decomposition of dithiocarbamates. On the other hand, pH value over 8 would accelerate the Cu(OH) 2 precipitation. Hence, pH 5.0 is chosen for further studies as convenient. Acetic acid-acetate buffer solution (pH = 5.0) was chosen for the subsequent studies. The influence of pH on the metal replacement of Cu(DDTC) 2 and Hg(II) was investigated. Percentage recovery of Hg(DDTC) 2 complex showed the maximum at pH 10.0. Hg(DDTC) 2 complex was formed instantaneously by the quantitative replacement of Cu from Cu(DDTC) 2 , and it was well dissolved in CCl 4 media at pH 10.0. It is assumed that the reaction to form this complex could have competed against hydroxide precipitation above pH 10.0 and at acidic pH, as the sulfur atom in the chelating site of DDTC has more affinity power with proton at a higher concentration of protons. Table 1 summarizes the optimum values of optimization parameters for the proposed method.
Method Validation
Calibration Curves
The calibration curve was constructed by plotting absorbance against corresponding concentrations for ten stan- . The analytical sensitivity, the calibration sensitivity, which is the slope of the analytical curve, the limit of detection, and the limit of quantitation as well as other analytical characteristics of the procedure are calculated and summarized in Table 1 .
Accuracy
The accuracy of the proposed method was evaluated by the recovery studies for three different concentrations (1, 5, 8 µg•mL −1 ) of standards. The recovery values were 94.7% -102.0% for both intra and inter day analyses indicating the good accuracy of the proposed method. For an accuracy check of the method, certified reference substances (alloy, amalgam, synthetic compound) were analyzed. The recovery values calculated for the certified reference materials were 94.2% -97.6% ( Table 2 ). The results indicate that the certified and found values are very concordant.
Precision
The intra-assay precision of the proposed method was determined on samples of standard mixture solutions at varying concentration levels by analyzing six replicates of each sample. The inter assay precision was determined by analyzing the same samples as duplicates in three consecutive days (n = 6). The relative standard deviations (RSD) did not exceed 4.43% proving the high precision of the proposed method for the routine application in the analysis of mercury. 
Sensitivity
The analytical sensitivity, the calibration sensitivity, which is the slope of the analytical curve, the limit of detection, and the limit of quantitation as well as other analytical characteristics are calculated from the data obtained for constructing calibration curve. The calculation method is based on the standard deviation of the response (S xy ) and the slope of the calibration curve (a). The limit of detection were calculated from calibration graph by the formula; LOD = 3·S xy /a, and the limit of quantification; LOQ = 10·S xy /a. The standard deviation of the method for ten determinations is found to be not more than 0.066. The lower detection limit and quantification limit of Hg(II) were found to be 0.031 μg•mL −1 and 0.116 μg•mL , respectively.
Ruggedness
Ruggedness was tested by applying the proposed methods to the assay of mercury using the same operational conditions but using two different instruments at two different laboratories and different elapsed time. Results obtained from lab-to-lab and day-to-day variations were reproducible, as the relative standard deviations (RSD) did not exceed 4%. A pre-validated AAS method was used as a reference method for determination of copper in whole blood and urine samples as to get inter method variation. The result obtained in proposed method for the determination of copper in whole blood and urine samples was compared with that obtained from the reference method by statistical analysis with respect to the accuracy (by t-test) and precision (by F-test). No significant differences were found between the calculated and theoretical values of t-and F-tests at 95% confidence level proving similar accuracy and precision in the determination of mercury by both methods.
System Suitability
For standard at five different concentration levels within 1.0 -10.0 μg•mL −1 maximum wavelength (435.52 ± 0.33) of absorption was checked and their relative standard deviations were calculated was to be 0.077%. Molar absorptivity calculated for the four different concentrations gave straight line parallel to concentration axis (x-axis) when plotted. Both indicate the excellent system suitability for the proposed method.
Effect of Diverse Ions
The tolerance limit of various anions and cations on the determination of Cu(II) or Hg(II) under optimal conditions in the present method is verified. The tolerance limit of a foreign ion is taken as the amount that caused an error in the absorbance value of ≤10%. Large amounts of commonly associated cations and anions do not interfere in the present method. 2+ , Zn 2+ and be masked up to 100 µg by the use 100 µg•mL −1 of EDTA. Therefore, citrate has been selected to be suitable masking agent in the present method for the simultaneous determination of copper and mercury, and also for the determination of mercury alone. Tolerance limit of foreign ions for the determination of Cu(II) and Hg(II) by the proposed method has been given in Table 3 .
Application: Standard and Real Sample
The present method was successfully applied for the determination of mercury in series of synthetic mixtures of various compositions. The method was also extended to the determination of mercury and copper in a number of environmental water and soil samples, biological, pharmaceutical, fertilizer, food samples. The results of biological analyses by spectrophotometric method were found to be in excellent agreement with those obtained by AAS. The results of pharmaceutical, fertilizer, food and soil samples analyses by the spectrophotometric method shown in tables gave the satisfactory RSD within analytical agreement.
Reference Materials
A 0.1 g Certified reference materials (alloy, amalgam, synthetic compounds) containing different composition of metals was accurately weighed and placed in a 50 ml Erlenmeyer flask. It was decomposed as the acid digestion method. The solution was then cooled and neutralized with a dilute NH 4 OH buffer solution. A suitable aliquot (1 ml) of the decomposed solution each was taken into a calibrated flask and the metal content was determined as described under general procedure. Based on five replicate analyses, the average mercury or copper concentration determined was in good agreement with the certified values. The average percentage recovery of mercury or copper obtained in certified reference substances was quantitative as shown in Table 2 . RSD value obtained indicates precision of the measurements reasonable.
Synthetic Mixtures
Several synthetic mixtures of varying compositions (1:1, 5:5, 8:8) containing mercury and diverse ions of known concentrations were determined by the present method using citrate as a masking agent. The results shown in Table 2 were found to be highly reproducible. The accurate recoveries were achieved in all solutions with maximum RSD value of 1.7% for triplicate measurements. It is indicated that mercury can be measured eliminating possible interferences from diverse ions.
Food Samples
5 g amount of fish samples, 10 g amount of radish and 25 g amount of cabbage samples were accurately weighed was subjected to acid digestion. The solution was neutralized by dilute ammonia and made up to the mark into 50 ml volumetric flask with de ionized water to form stock solution. A suitable aliquot (1 ml or 2 ml) of the above solution was taken into a calibrated flask and the metal content was determined under general procedure as described. Based on five replicate analyses, the average metal content determined by spectrophotome- Table 3 . Tolerance limit of foreign ions for the determination of Cu(II) and Hg(II) by the proposed method. tric method was in good agreement with the leveled values. RSD values for all measurements (n = 3) were less than 5%. 
Biological Samples
Human blood 2 ml or urine 25 ml was collected in polyethane bottles from the affected persons. The samples were taken into beaker. Acid decomposition was performed. The content of the beaker was filtered and neutralized with dilute ammonia. The resultant solution was then transferred quantitatively into a 20-ml calibrated flask and made up to the mark with de-ionised water. An aliquot (1-ml) of this digested biological sample was pipetted into a calibrated flask and the metal content was determined under the general procedure as described.
The results of the biological sample analyses by the spectrophotometric method were found to be in excellent agreement with those obtained by AAS. The results are given in Table 5 indicating the method reproducible.
Mercury in Pharmaceutical Samples
1 g of tablet or powder or 1 ml of homeopathic medicine was dissolved in hot water and made 100 ml solution to form experimental solution. An aliquot amount was analyzed according to the general procedure. Results are summarized in Table 6 . RSD obtained for the triplicate measurements was not exceeding 3%. In radish (vegetable sample) mercury was found 0.07 µg•mL −1 but in laitta fish sample it was found 0.70 µg•mL −1 , which is greater than vegetables. On the other hand in all blood samples (Lung, Kidney and Storke patient) mercury was found around the 1.8 µg•mL −1 . But in urine samples of kidney patient has higher than lung and storke patient. Lung patient contains higher amount of copper than the others. The biological tolerance limits for mercury concentration are 50 µg•mL −1 in urine and 10 µg•mL −1 in blood. Diethylthiocarbamate is proved to be more suitable than other complexing reagents cited in literature in respect to molar absorptivity and sensitivity values and because of their selectivity towards Hg(II). Using suitable masking agent the method shows wide application for mercury determination. Both copper and mercury were simultaneously determined in all real samples. All determinations provided high accuracy and excellent precision. Method is applicable avoiding interferences as most of the alkaline and alkaline earth metals form colourless complexes with the DDTC. Table 7 shows the comparison on sensitivity and application of present method with other methods recently published available in literature (supplementary data). It shows that there are a number of methods though sensitive (Sl. no. 11-13, 16) involve complicated procedures employing sophisticated equipment, expensive and tedious separation and pre-concentration steps or they have limited application.
Conclusion
A spectrophotometric procedure for the simultaneous determination of mercury(II) and copper using diethyldithiocarbamate (DDTC) as ligand is described. Primarily Cu(II) complex was extracted with CCl 4 and the absorbance was measured at 435 nm. Mercury determination was based on the quantitative displacement of diethyldithiocarbamate (DDTC) from copper complex with Hg(II), and subsequent measurement of reduced absorbance. Therefore, the method described herein has many advantages: it is simple and rapid; it has high accuracy and sensitivity, use of inexpensive reagents available in any analytical laboratory. Therefore, the method is practical and valuable for its wide application. The method was applied to a number of environmental water and soil samples, and biological, pharmaceutical and food samples. The results show a good agreement with certified values in alloy and amalgam, theoretical values in synthetic compounds, pharmaceutical preparations and with the results obtained by AAS method for biological samples. Moreover, Hg(DDTC) 2 is more stable in basic aqueous media than Cu(DDTC) 2 as to perform the mercury determination by the quantitative replacement. Also, great advantage that is interesting of this method is its selective application to mercury determination individually or copper and mercury determination simultaneously as required.
